Rods of Ni-43.5wt% Ti alloy were prepared under various casting conditions. Specimens which were melted in a cordierite crucible and cast in a phosphate-bonded investment mold had less strength and elongation than those melted in a copper crucible and cast in a phosphate-bonded investment mold. All castings exhibited superelasticity at room temperature. The upper limit of recoverable strain was about 1.8%. The cast clasps made of the alloy had good fit to a die, good flexibility, and superelasticity.
INTRODUCTION
The development of new biomaterials increases design options and leads to the development of new devices with unique applications. Nickel-titanium alloys differ from conventional alloys in their response to stress. When these alloys (commonly called Nitinol) are plastically deformed at room temperature and heated slightly, they spontaneously revert to their original shape and dimensions, if the original deformation does not exceed about 6% tensile strain. This feature is called the shape memory effect. It is associated with a reverse transformation of thermoelastic martensite to the parent phase.
The reverse transformation temperature range (RTTR) depends on the titanium content. Nickel-titanium alloys with a RTTR below room temperature exhibit superelasticity, in which relatively large strains, attained on loading beyond the proportional limit, recover completely on unloading at room temperature. This phenomenon is caused by stressinduced martensitic transformation and its subsequent reversion1).
The biocompatibility of the alloys is acceptable2) and they have been used as dental archwires in orthodontics3,4). However, in partial denture clasp applications, the wire has to be overbent to achieve a desired adaptation. It is difficult to judge its position after elastic spring-back. Furthermore, the clasp is prone to break after several attempts to deform it5).
These problems with wrought Nitinol wire clasps can be solved by using cast nickeltitanium clasps. However it is difficult to cast nickel-titanium alloy by conventional dental casting techniques because of reaction with oxygen in atmosphere, crucibles and investments5,6). In a previous study7) employing new casting techniques, acceptable castability of a Ni-45wt% Ti shape memory alloy was demonstrated.
This study was made to examine the mechanical properties of cast superelastic nickeltitanium alloy and evaluate its characteristics when utilized in the form of cast clasps. Three stages of bending a cast Ni-43.5wt% Ti rod at room temperature are shown in Fig. 2 ; (a) the undeformed stage, (b) the deformation stage and (c) the shape recovery stage. Fig. 3 compares the bending test data of the cast Ni-Ti alloy with the cast Co-Cr alloy. Loading cycles (indicated by number on this figure) were repeated in one specimen of each alloy. After loading beyond the proportional limit, the Ni-Ti alloy recovers on unloading and the Co-Cr alloy has a large permanent deflection. Fig. 4 compares similarly the tensile test data of both cast alloys. an analysis of variance, a significant difference was found in the maximum bending force and deflection (p_??_0.05). The multiple pairwise comparisons of the four casting conditions using t-test showed the force and the deflection of the D condition to be significantly lower than those of all other casting conditions. A comparison of the ultimate tensile strength by an analysis of variance showed a significant difference (p_??_0.01). Pairwise comparisons showed the strength of the D condition to have a significantly lower value than that of all other casting conditions. At the elongation value, an analysis of variance for the casting conditions showed a significant difference (p_??_0.05). Pairwise comparisons showed the value of D condition to be significantly lower than those of B and C conditions. Table 2 shows the tensile properties of Ni-Ti and Co-Cr alloys which were melted in a copper crucible and cast in phosphate-bonded investment molds. A t-test analysis of the ultimate tensile strength for both cast alloys showed the strength of the Ni-Ti alloy to be significantly lower than that of the Co-Cr alloy (p_??_0.05). A comparison of elongation value of these alloys by t-test showed no significant difference (p_??_0.05). Fig. 5 demonstrates that the cast clasps of Ni-43.5wt% Ti alloy do provide good fit to a die if cast into a phosphate-bonded investment mold.
DISCUSSION
In general, the temperature of perfect recovery after deformation corresponds to the RTTR. This indicates that the Ni-43.5wt% Ti alloy castings can exhibit superelasticity at On the other hand, in dental casting the casting shrinkage has to be compensated by the expansion of investments. However, the expansion of magnesia cement is too low for dental casting of titanium and its alloys6,7). Table 1 shows that castings prepared with magnesia cement molds and with phosphatebonded investment molds in a copper crucible have nearly equal strength and elongation. Furthermore, Table 2 shows that Ni-Ti alloy castings have nearly equal elongation values compared to Co-Cr alloy castings, prepared in a copper crucible with phosphate-bonded investment molds. Therefore, the Ni-Ti alloy should be useful for cast clasps as shown in Fig. 5 . These cast clasps had good fit, good flexibility related to the low modulus of elasticity and the superelasticity of the Ni-Ti alloy. The flexibility is believed to reduce transmission of excessive force to the abutment tooth9). The superelasticity permits the use of cast clasps in deeper undercuts.
CONCLUSIONS
Ni-43.5wt% Ti alloy castings showed superelasticity at room temperature and nearly equal elongation to Co-Cr alloy castings, prepared in a copper crucible with phosphatebonded investment molds. The cast Ni-43.5wt% Ti clasps displayed superelasticity, good flexibility and good fit to a die.
